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1.0 ABSTRACT

The micro-computer controlled Experiment Support System (ESS) containing
both a controller for the Lower Body Negative Pressure Device (LBNPD) and
the Limb Volume Measure System (LVMS) has been tested; design changes have
been made; and the system has been demonstrated to perform in accordance
with all specifications. The equipment evaluated, modified, and verified
was originally developed as part of the Joint Air Force Academy Project.

2.0 INTRODUCTION

The Experiment Support System hardware developed under the original
contract with the Air Force Academy has been transferred to the South Dakota
School of Mines and Technology (SDSM&T). When work on the project terminated
at the Air Force Academy, the system design and construction had been com-
pleted; however, the system had not been tested. The work on the project
at SDSM&T has been to test the system, isolate problems, and make design
changes so the system performs properly.

Initial progress on the project at SDSM&T was slow due to inevitable
difficulties in transferring the project after a one year hiatus. The
necessary system design changes have been made; missing elements have been
fabricated; and system performance testing has been completed.

The micro-computer controlled Experiment Support System consists of a
controller for both the Lower Body Negative Pressure Device (LBNPD) and
the Limb Volume Measuring System (LVMS). The micro-computer shown in
Figure 2.1 controls not only the LBNPD pressure, but also the LVMS data
acquisition and processing.

Figure 2.1 LBNPD and micro-computer controller in test cell at SDSM&T.
The micro-computer and input keyboard are the top units in the equipment
rack. The LBNPD is sealed for controlled pressure verification of the

system operation.




The transition of LBNPD pressure from one pressure level to another using
a manually controlled valve was a major source of variability in results
obtained during the Skylab M092 Cardiovascular Experiments using the LBNPD.
The use of the micro-computer provides for repeatability in the application
of the vacuum pressure to stress subject in the LBNPD. The use of a micro-

computer provides for a marked improvment in the operation of the LVMS over
that used in Skylab.

3.0 SYSTEM DESCRIPTION

3.1 HARDWARE

The system, illustrated in Figure 3.1, consists of a micro-computer
which controls electrical solenoid values to automatically vary the vacuum
pressure applied to the LBNPD. The micro-computer provides automatic calibra-
tion and signal processing for the Skylab LVMS.

The operation of the system is controlled from the hand-held operator
keyboard and display module. 1In operation the operator depresses an appropriate
key to activate the desired micro-computer controller program as described in
Section 4.0. The micro-computer controller program provides for automatic
operation of the LBNPD using a vacuum profile identical to that employed in
Skylab LBNPD experiments. Additionally, all system functions can be controlled
manually from the keyboard through the use of appropriate codes.

The micro-computer software has been developed to provide for the safe
operation of the LBNPD in the event of a power failure or a computer malfunc-
tion. The operation of the system requires that power be provided to energize
the ABORT solenoid valve before vacuum may be applied to the LBNPD. Loss of
power will cause this "abort" valve to de-energize and the LBNPD will rapidly
return to ambient pressure. A vacuum pressure greater than 60 torr will cause
the micro-computer to open the "abort" valve and return the system to ambient
Pressure. The normal failsafe protective limits of the LBNPD as used in
Skylab are still operable and 1imit vacuum to 70 torr.

The micro-computer automatically completes the calibration sequence
for the LVMS leg bands. The operator need only identify the leg bands used
to the micro-computer through a coded input of band identification using the
keyboard. The calibration curves of the leg bands are stored in the micro-
computer and the correct calibration curve is selected automatically by the
micro-computer. The electrical output of the leg bands is translated through
the calibration curve to provide an output voltage which is displayed as
the percent change in leg volume. Thus, the operator need only place the
leg bands on the subject, key in the band identifier; and the micro-computer
then completes the calibration using the standard Skylab procedure. The output
of the leg bands is then presented as percent volume change.

The micro-computer provides outputs both in the form of digital displays
and as voltages proportional to the two leg bands and the LBNPD vacuum
pressure.
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3.1.1 PRESSURE CONTROL

The system source of vacuum is two vacuum cleaner motors shown in
Figure 3.2. The vacuum source is discussed further in Section 5.0 (System
Results). The vacuum source is connected to the valve manifold consisting
of five computer controlled valves shown in Figures 3.3 and 3.4. The valves
are binary; each is completely open or closed. Four of the valves in the
original design controled flow through the calibrated orifices connected to
the manifold. There orifices were adjusted to a 1, 2, 4, 8 flow ratio.

The fifth valve is a failsafe feature which allows the LBNPD pressure to
rapidly reach ambient pressure. This can be performed manually by the

o perator using the 'A' command or automatically by the computer if the
vacuum pressure exceeds 60 torr.

Figure 3.2 The vacuum source (two Sears Al1-2555-01 Motor Blower Assemblies
for shop vacuum 758-17821)

The original system was designed using four valves to achieve 16 levels
of effective valve control positions. However, changes in the system that
have resulted during the test and evaluation portion of the work of this
contract have demonstrated that acceptable results can be achieved by using
only one of the valves in combination with a special control algorithm as
described in Section 6.0.

The LBNPD also contains a mechanical failsafe valve which automatically
opens at -70 torr or can be manually operated by the subject in the tank.




Figure 3.3 (Above) Valve
Assembly (vacuum input

shown on the top; outputs

at the bottom; control cable
at the top right.)

Figure 3.4 (Left) Valve
Assembly (vacuum manifold
at the top, LBNPD manifold
at the bottom.)




The pressure transducer in the LBNPD closes the pressure control loop.
The original pressure transducer mounted on the LBNPD was apparently damaged
in the transfer of the equipment from the Air Force Academy and is nonfunctional.
It was replaced by a transducer and amplifier, details are shown in Appendix 2,
Figure 2. The replacement transducer requires a 10 volt dc excitation and a
gain of approximately 200. The transducer and amplifier feed into the pressure
A/D converter in the computer as shown in Appendix 2, Figure 3 and are equivalent
to the standard Skylab LBNPD pressure transducer output.

The operator sets a desired pressure with the 'D' command or starts
the automatic pressure profile sequence with the 'B' command from the keyboard.
Using the actual pressure in the tank derived from the pressure transducer
through the A/D converter, the computer determines the valve setting necessary
to bring the LBNPD pressure to the desired pressure.

Both pressure level and rate of change in pressure are controlled by the
micro-computer. While the present hardware was constructed using four control
valves and the "abort" valve, improvements in the system timing and control
sensitivity levels have resulted in improved performance through the control
of only one valve. Thus, the final system uses the "abort" valve and one
control valve. the other three valves are deactivated. To control the vacuum
pressure at a desired level, the vacuum is applied to the LBNPD whenever the
actual pressure differs by more than .25 torr. Vacuum pressure is controlled
as vacuum is increased to within .25 torr. When the level of vacuum is to
be returned toward ambient pressure, then either the natural leakage of the
subject's waist seal is used or the "abort" valve is activated. In the auto-
‘matic mode, the "abort" valve is employed to return pressure to ambient
levels at the conclusion of the Skylab profile. The pressure is read and
the valve adjusted every 50 ms. With this control system the pressure is
maintained constant within. approximately + 1 torr. '

3.1.2 LEG BAND DATA ACQUISITION AND PROCESSING

The second major system function is processing leg band data. Two leg
bands are used during an experiment: 1leg band one (right) and leg band two
(left). There is a single leg band oscillator-amplifier card and two leg
band controller cards, one for right and one for left. The block diagram
is shown in Figure 3.5; the detailed schematics are found in Appendix 2,
Figures 4 and 5.

The simplified leg band schematic is found in Figure 3.6; the detailed
schematic is found in Appendix 2, Figure 7. The sine wave input from the
oscillator-amplifier card is clipped to a square wave of precise amplitude
and fed to an RC voltage divider. As the leg (one plate of the capacitor)
expands, the capacitance increases, increasing the voltage output. When the
calibrate relay is activated, the calibration plate introduces a fixed
capacitance into the circuit, and a known calibration voltage change in the
output voltage occurs.

The Teg band data processing system must be initialized before data can
be acquired; this is automatically performed by the computer. Each leg band
has been calibrated for percent volume change as a function of output voltage
from the oscillator-amplifier card. A typical characteristic plot is shown
in Figure 3.7. Before using a leg band the equipment must be initialized to
give the proper percent volume change output for a given voltage input. There
are two steps to this process which determine two points on the calibration curve.
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First, the zero percent volume change point is established by connecting
a null voltage to the Teg band card and varying this voltage until the correspond-
ing voltage of 0.82 volts is established at the output of the leg band card.
This essentially moves the characteristic plot back and forth until the zero
percent point corresponds to 0.82 volts. Next, the slope of the characteristic
plot is adjusted until the upper initialization point on the curve is established.
This point is determined by closing the calibrate relay in the leg band which
adds a predetermined capacitance in the leg band itself. This calibration
plate capacitance produces a predetermined volume change reflected as a known
output voltage. Thus, each leg band has a calibration number which is the
percent volume change produced when the calibration relay is closed.

In the original manual system, two potentiometers were used for each
leg band. One for adjusting the null and one for adjusting the gain. Adjusting
the gain is merely an adjustment of the slope of the characteristic plot. The
micro-computer controlled system has the advantage that this calibration pro-
cedure can be performed automatically without any manual intervention from the
operator. The operator merely identifies which leg bands are being used and
the micro-computer selects the prestored characteristic plot for the leg
bands to perform the automatic calibration.

In the computer operated system the null voltage is generated by D/A
converters. The gain is not adjusted physically, (it is constant at 50);
however, the equivalent result of adjusting the gain is achieved by software.

This automatic initialization process is performed each time the Begin
sequence is selected by the operator using the 'B' command. After initializa-
tion is completed, leg band data is acquired and processed.

The 0-5 volt data from the oscillator-amplifier card is amplified to a
0-10 volt signal for A/D conversion. Every 50ms the A/D converters are
read, the data is converted to percent volume change; then displayed on the
operator panel and sent to the chart recorder outputs.

The 50ms period for both the pressure control and leg band data processing
s established by a 100 Hz clock shown in Appendix 2, Figure 3(b). This
clock drives the interrupt line of the computer and provides the time source
for the automatic pressure sequences. The software does data acquisition and
processing every fifth interrupt for an effective 50ms interval.

During each 50ms interval the processed dataare sent to three D/A converters
to be available for driving chart recorders. The Chart Recorder Driver schematics
are found in Appendix 2, Figure 6. These outputs are right and left leg band
data, and pressure.

3.2 SOFTWARE

The software operates at two levels: background and foreground. Fore-
ground operates when an interrupt is processed (the only interrupt in this
system is the 100 Hz clock). Background operates at all other times. Appendix
3 contains flow charts for all routines and Appendix 4 contains a summary
calling sequence.
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The background scans the keyboard waiting for the operator to enter a
command. The operator can always regain control of the system by pushing
the reset key on the keyboard. RESET is also called when the system power
is switched on. RESET initializes the system to manual control and maximum
pressure rate (15 torr/sec), sets the display to pressure, and then enters
the keyboard scan loop. The background normally just waits for the operator
to push a key. Thus, under normal operation, all commands are available at
any time, regardless of what the system is doing in the foreground. The
commands available are described in Section 4.1 and summarized in Appendix 1.
The flow charts for the command routines are found in Appendix 3.

Of special interest are the commands which initiate the foreground
operation: select desired pressure, and begin automatic sequence. Selecting
a desired pressure (command 'D') sets the pressure control profile to manual;
BEGIN (command 'B') sets the pressure control to automatic, generating the
pressure profile stored in the ROM as shown in Figure 3.8. Both commands
enable interrupts which initiate foreground operation.

BEGIN also performs automatic calibration of both left and right leg
bands so the data acquired in the foreground can be processed correctly.
The only operator input BEGIN requires is the ID numbers of the leg bands
used. The calibration procedure consists of nulling the leg band so that
its current size represents zero percent volume change, then closing the
calibrate relay in the leg band and calculating the gain factor. The NULL
and GAIN routine flow charts are found in Appendix 3. The NULL values
(BIAS1, BIAS2) and gain (GAINI, GAIN2) are used in the foreground to process
the leg band data.

The foreground program is activated everly 10ms. When the clock interrupt
occurs, the CPU automatically disables further interrupts (until an enable
instruction is executed) and the interrupt program saves all CPU registers
(to be restored before returning to the background). The variable INTCT
is used to cause actual processing every fifth interrupt i.e., every 50ms.

The foreground maintains pressure control and processes leg band data. The
variable VACLK determines how often the pressure control valves are adjusted.
Currently it is set to call VADJ, the valve adjust routine, every 50ms.

The VADJ routine reads the pressure transducer input from the A/D.
For safety, if the vacuum pressure is greater than or equal to 60 torr, it
Jjumps to the IABORT routine with the same result as if the operator had
entered the "A" (ABORT) command. The pressure is brought from the old
desired pressure level to the new desired pressure level at a constant rate.
When the real pressure reaches the desired pressure, the level control
segment of the program is entered. Otherwise, it continues to use rate control
to maintain the rate of change at 5 torr/sec or 15 torr/sec as selected by
the operator (with 'E1' or 'E2' command).

The next function of the foreground pressure control is maintaining the
time for the automatic pressure control sequence initiated by the BEGIN
command. Time is maintained by three separate software clocks. ATIM is a
count-down timer which holds the dwell time at a given pressure. PTIM is a

count-down timer which holds the time at the current desired pressure. PTIME
is PTIM converted to an up-counter for display

Ve ww @il v ww i wae s TOMIEWY o
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If ATIM, the dwell time down-counter, is decremented to a negative
value, it is time for the next level in the automatic sequence and PAUTO is
called. It resets ATIM to the next dwell time, sets the desired pressure to
the value from the table, and then clears PTIM, the time at current pressure
down-counter.

Every second (every 20 processed interrupts) PTYME is called to update
all three timers.

At this point in the interrupt sequence the valve setting, VALVE, calculated
earlier is output to the valve drivers to set the valves.

Now the second major foreground function of processing leg band date is
performed. The routine LBRDR performs this function by reading the leg bands
and converting them to a binary percent volume change. The leg band value
from the A/D is adjusted using the BIAS and GAIN calculated earlier in the
NULL and CALIB routines of the BEGIN command. The COMP (compensation)
routine performs this by calculating [(INPUT - BIAS) * GAIN] + BIAS. This
compensated value should be the same value that would have been read from the
original manual unit. It is not yet a volume change value, but a voltage
adjusted for gain and offset by software instead of hardware.

This compensated voltage from the leg band is converted to percent
volume change by the routine APPROX which calls VALFD. VALFD does a linear
interpolation from a characteristic curve table (unique to each leg band)
relating voltage to percent volume change.

The results generated during this interrupt period are then output
through three 0 to 10 volt D/A converters to the chart recorder connectors
on the computer rear bulkhead. These results are right and left leg band
percent volume change and the LBNPD pressure.

Finally, the display is updated according to the display mode selected
by the operator. Either the leg band percent volume change, the time, or the
actual and desired pressured are displayed depending on which display mode
was selected by the operator (commands FO, F1, F2). Then the registers are
restored to their original values when the interrupt occured, interrupts
are enabled, and control returns to the background.

4.0 SYSTEM USE

Once the system has been set up and all calibrations performed the
keyboard commands described in the next section can be used to operate the
system. The system initial set up procedure is found in Appendix 6.

4.1 KEYBOARD COMMANDS

The system is controlled by commands entered on the keyboard by the
operator. The console with the 17 key keyboard and 5 character display is
shown in figure 4.1. The commands are: 'A', 'B', 'C', 'D', 'E', 'F', and
RESET (the 17th key at the upper right of the keyboard). The commands normally
can be activated at any time during operation of the system.

13



Figure 4.1 Operator Console

The RESET command can be used to return the system to a known condition.
It closes and deactivates all valves, resets and deactivates all timers,
resets the display to all zeros, and resets the temporary storage locations.

The 'A' (ABORT) command can be entered at any time to terminate the
experiment quickly. The command brings the LBNPD to ambient pressure as
rapidly as possible by closing the four control vavles and opening the abort
valve. The display shows "dEAdd" and the operator must use the reset command
to reactivate the system. This command continues the transmission of data
to chart recorder outputs.

A normal experiment begins with the 'B' (BEGIN) command which starts
the automatic control sequence. After the 'B' command is entered the display
shows 'A100' and the system waits for the operator to enter the two digit leg
band ID. These ID's are found in Table 4.1. After the Operator enters the
ID for leg band one (the right leg band) the display shows 'bA200' and waits
for leg band two (the left leg band) ID. If both are valid ID numbers the
micro-computer performs the automatic calibration of the leg bands by nulling
the output of the leg band oscillator-amplifier card and calculating the
software gain factor. If the gain calculated is less than one the display
will show 'bAdO1' or 'bad02'. This may indicate problems such as entering
the wrong ID for a leg band, improper grounding, incorrect adjustments in
the leg band signal processing cards.

14




Leg Keyboard
Band Code
AF 00
AG 01
AM 02
AR 03
AS 04
AT 05
AV 06
AY 07
AZ 08
BF 09
BL 0A
0B
BQ 0c
BS 0D
BT OE
BX OF
BY 10
CB 11
ch 12
CE 13
CG 14
CL 15
DB 16
AL 17
AP 18
AA 3D
AB 3E
AC 25
AD 26
AF 00
AG 01
AH 3F
Al 40
AJ 27
AK 41
AL 17
AM 02
AN 28
A0 42
AP 18
AQ 29
AR 03
AS 04
AT 05
AU 19
AV 06
AX 2A
AY 07
AZ 08
BA 1B

TABLE 4.1 LEG BAND
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The automatic pressure control sequence has been shown in figure 3.8.
The sequence terminates by generating an ABORT. At any point during the
sequence the operator can terminate with an ABORT or RESET command. The

operator can also change the automatic pressure sequence by using the 'D*
command.

The 'C' command is used to select one of four control routines specified
by the second digit of -the command.

The 'Cl' command activates a separate monitor system useful for system
maintenance and problem isolation. The commands for this separate monitor
allow the operator to enter programs into memory, read the contents of memory,
and execute program beginning anywhere in memory. These commands are found
in the comments of the software Tisting of Appendix 5. The 'Cl' command will
not be used in normal circumstances.

The second control command 'C2' causes the system to null the right
leg band amplifier, then continuously display the output of the A/D converter.
This permits testing and using the leg bands on the calibrated cylinders.

The 'CA' command is essentially the BEGIN command without pressure control.

The final control command, 'CC' (Continue), allows the automatic pressure
sequence to be resumed after it has been interrupted.

The 'E' command selects one of two rates at which pressure level transitions
are to be made: 'El' selects 5 torr/sec, 'E2' selects 15 torr/sec.

The final command, 'F' selects the display format: 'FO' selects the leg
band format; 'F1' selects the time format; 'F2' selects the pressure format.

4.2 CONSOLE DISPLAYS

The five digit console display uses 7-segment LED readouts to display
numbers. Three display formats are available: leg band format; time format;
and pressure format. These formats are diagramed in Appendix 1. The Teg
band format displays left and right leg band percent volume change. The time
format shows the time at the current desired pressure and the desired pressure.
The pressure format shows the number of minutes at the current desired pressure,
the actual pressure, and the desired pressure.

5.0 SYSTEM RESULTS

The results of system pressure control and leg band data processing are
found in Figures 5.1 through Figure 5.16.

Figure 5.1 shows data plotted for controlled LBNPD pressure versus leak
rate. For these tests the LBNPD was sealed with the end plate containing
a valve adjusted to a given leak rate. This configuration is shown in Figure 5.2.
The plots produced by the equipment shown in Figure 5.4 are given for desired
pressures of 10, 20, 30, 40, 50 torr. As the leak rate is increased, eventually
the system cannot maintain pressure at the desired level. This is due to
the characteristics of the vacuum source as seen in Figure 5.3, not due to
the operation of the controi system.

16



Figures 5.5 through 5.11 show pressure profiles with leak rates from
1 through 6 CFM. These plots were made with an operator manually entering
a new pressure using the 'D' keyboard command every 20 seconds. The rate
of pressure change was the default value of 15 torr/sec. Except when the
vacuum source is no longer able to provide sufficient vacuum for the higher
leak rates, the pressure is maintained with +-1.0 torr of the desired pressure,
occasionally ranging to +-1.5 torr.

The results of the pressure rate control tests are shown in Figures 5.12
and 5.13. The rate of pressure change was selected by the operator with the
'E' command. The only choices are 5 torr/sec and 15 torr/sec.

The results of the leg band data acquisition and processing tests are
shown in Figures 5.14 and 5.15. Data for 10 tests, the averages, and the standard
deviations for two 1leg bands are shown. These tests were conducted using
the calibrated cylinders which give a known percent volume change.

Figure 5.16 shows pressure and leg band data output for a subject in
an experimental run.

6.0 SDSM&T DESIGN CONTRIBUTIONS

The Experiment Support System was designed and constructed at the Air
Force Academy. After the project was transferred to SDSM&T the system was
tested. Several problems became apparent which required design changes.
The two major system functions are pressure control and acquisition and process-
ing of leg band data. Both areas needed design changes.

6.1 PRESSURE CONTROL

The pressure control system was completely redesigned and simplified
dramatically both in hardware and software. The original design used five
valves: four for pressure control; and one failsafe abort valve. The new design
uses two valves: one for pressure control and one for the failsafe pressure
abort. This drastically simplifies the design with three fewer valves and
their drivers, simplified valve mainfolds and elimination of the calibrated
orifices. In addition, the power supply for the valve drivers could be replaced
by a smaller, cheaper power supply. Physically the valve system could be
much smaller with these reductions. ‘

The pressure control system software was also simplified. Both rate control
and Tevel control were simplified with only one pressure control valve to
manipulate. Due to these and other changes the new design requires one less
ROM to hold the program. With these changes in the pressure control algorithm
the resolution of the pressure output to the chart recorder was increased by
a factor of four.

As part of these changes the rate interrupts are processed was doubled.
This doubled the resolution on the time axis of the data plotted on the chart
recorder. Data are acquired and processed at twice the original rate.

The ABORT routine was changed to maintain leg band data processing and

chart recorder outputs even though the vacuum is aborted. The original
system stopped everything during an abort.

17
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Figure 5.2 Leak rate flow meter and pressure meter
set up to generate data plotted in Figures 5.1 and 5.3.
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Figure 5.4

Plotter set up to produce Figures 5.5
through 5.13.
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Figure 6.1 shows that the substitue pressure transducer which is necessary
for the LBNPD transducer was not functioning when the system arrived at SDSM&T.

Figure 6.1 The substitue pressure transducer.

6.2 LEG BAND DATA ACQUISITION AND PROCESSING

The design changes in this case did not result in any simplification
but were necessary for the system to function.

For an undetermined reason there was an incompatibility between the leg
band card output (0-5 volts) and the A/D converter (0-10 volts). A gain of
two amplifiers was added to each channel to resolve this problems. These
can be seen in Figure 6.2; the schematic diagram is in Appendix 2, Figure 8.

The next modification was in the filtering of the power supply on the
oscillator-amplifier card and the right and left channel leg band controller
cards. The inductors intended for filtering were removed becuase they caused
supply voltage changes with the Toad. The inductors removed had a resistance
of 80 ohms which caused a change in voltage as the current changed. Although
this change in voltage was only 10 mv, it had a large effect on the leg band
card output since the output gain is high. The gain of the oscillator-
amplifier card was changed from 100 to 50, to allow the data to be processed
more accurately.

The rest of the changes were software modifications. The first software

change was correcting an error in the COMP routine which caused the Teft
GAIN to be used for processing right leg band data.
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Figure 6.2 The gain of two amplifiers (shown mounted on spacers on the leg
band controller cards).

The second software change was in the GAINR and GAINL rountine.
These routines close the calibrate relays, read the voltages, and compute
GAIN1 and GAIN2 to be used in processing leg band data. A low calibrate
voltage was read because the 0.25 second delay between closing the calibrate
relay and reading the signal was inadequate. This was increased to consistently
give good calibrate readings.

6.3 SDSM&T SUPPORT FACILITY
6.3.1 LABORATORY

To support this project a Tab was constructed with special partitions
for the system components. This provided a good working environment, well
organized and free of interference.

6.3.2 SOFTWARE SUPPORT

To aid the extensive software development several aids were developed.
A cross-assembler running on the CDC-6400 was adapted to generate code for
the INTEL 8080 microprocesser in the ESS. A ROM programmer for the 1702
ROM used in the ESS was adapted for use in this project. To increase the
efficiency of generating new ROM'S during development, the ROM programmer
was interfaced to a time-sharing port on the CDC-6400. This allowed changes
to be made in the ESS software, and a new ROM programmed in just a few minutes.
The assembler output comes directly from the CDC-6400 to the ROM programmer.
This avoids frustrating and time consuming manual loading of code to be
programmed.
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APPENDIX 1
OPERATOR COMMANDS



RESULTS

Power On

Generates a computer RESET (See "R" below)

llRll ‘
(RESET)

Generates a computer RESET
a) Closes and deactivates all valves
b) Resets and deactivates all timers
c) Resets display to all zeros
d) Resets temporary storage locations

IIAII
(ABORT)

Generates a program ABORT

a) Closes four control valves and opens abort valve
b) Sets display to "dEAd4"
c) Halts computer: operator must RESET to reactivate

IIB n
(BEGIN)

BEGINS automatic control sequence

a) Displays "BAlOO" and waits for two-~-digit leg
band ID entry (echos entry)

b) Displays "BA200" and waits for two-digit leg
band ID entry (echos entry)

c) Nulls both analog amplifiers if leg band ID's
were valid, otherwise requests ID's again

d) Calculates software gain factor for each leg
band by activating leg band cal relays

e) BEGINs controlling chamber pressure according
to the stored pressure profile:

1) The automatic pressure profile can be
interrupted by entering a specific desired
pressure (see "D" below), then resumed by
commanding "CC" (CONTINUE). (The interrupted
phase of the automatic sequence will be com-
pleted using the new desired pressure, but
following phases will be completed at the
normal auto pressure levels.)

2) The automatic sequence will terminate by

' generating a program ABORT.

3) The automatic sequence can be manually
terminated by RESET or ABORT (see above).

"ox"
(CONTROL x)

Allows user to select individual CONTROL routines
a) "CO" has no effect
b) "Cl" begins execution of the normal EDUMICRO
operating system. (This is useful in debugging
the system, but of no use in normal NASA
operation.)

I-1



c)

d)

"C2" causes the system to null one leg band
amplifier, then continuously display the
output of the A/D converter. Using this
command permits mounting a leg band on one
of the calibrated cylinders, reading the
leg band data for known "leg" volumes, then
entering that information into the leg band
calibration tables (stored as part of the
program) . :

"CA" causes the system display "BAlOO" and
"BA200" and wait for the appropriate leg-

- band ID's (see "BEGIN" above).

e)

1) Nulls both analog amplifiers if leg band
ID's were valid, otherwise requests ID's
again.

2) Calculates software gain factor for each
leg band by activating leg band cal relays.

3) Returns to scan keyboard without controlling
pressure/valves.

"CC" is a "CONTINUE" command which allows the

automatic pressure sequence to be resumed after

it has been interrupted (see "BEGIN" above).

"CcC" should not be used to initiate automatic

operation because it does not call the necessary

calibration routines.

" Dxx "
(DESIRED
PRESSURE)

Allows

b)

manual entry of new value of DESIRED PRESSURE
The DESIRED PRESSURE must be a two-digit entry
representing mm Hqg.

Can be used to interrupt the automatic sequence
(must be followed by a "CONTINUE" command if
the auto sequence is to be resumed; see BEGIN
and "CC" above).

" EX "
(SELECT
RATE)

SELECTs one of two RATES at which pressure level
transitions are to be made.

a)
b)

"E1" selects the low rate (5 mm Hg/sec)
"E2" selects the high rate (15 mm Hg/sec)

n FX L1}

(DISPLAY
FORMAT
SELECT)

Selects one of three possible display FORMATs.

a)
b)
c)

"FO" selects "leg band" format
"F1" selects "time" format
"F2" selects "pressure" format

I-2



INVALID
COMMANDS

Changes display to "6000F"
a) Normal display operation is interrupted for
approx. 2 sec.
b) Pressure/valve control is maintained using
the most recent valid value of "desired
pressure".

DISPLAY FORMATS

Leg Band Format:

LEFT| LEG i;gilCATOR RIGHT| LEG
PERCENT| VOLUME A Both + PERCENT| VOLUME
(ONES) | (TENTHS) B R- L+ ~ (ONES) | (TENTHS)
D R+ L-
E both -
Time Format:
' ]
TIME AT| CURRENT DESIRED PRES. DESIRED| PRESSURE
(MIN) : (SEC(I)NDS) (MM : HG)
! I 1

Pressure Format:

Time at { [
g::ii:g ACTUAL PRESSURE pESIRED PRESSURE
(MM’ HG) (MM.l HG)
Pressure | |
(minutes) { |
|
I-3



APPENDIX II
HARDWARE SCHEMATICS



Valvd

Input
from
computer

2N3055

FIGURE A2,1 VALVE DRIVER SCHEMATIC

This 1is one of five identical circuits
for the five valves. The valves are ATKOMATIC
VALVE COMPANY MODEL 15448.
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+ A C A
10V /; B
- + - \Q
Excitation output
‘ connector

FIGURE A2.2 Substitute pressure transducer,
Stratham model P23De with characterstic

134.6 yv /10 Torr
v
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NASA LBNP CONTROLLER
A/D CONVERTER BOARD 2ARTS LIST

Al 7404

A2,A3 74LS138

A4-AT 8212

A8 72747

A9 72741

Al0 ADC 590-8, Hybrid Systems A/D Converter
all 74121 '
Al2 7400

Al3-A18 7490

ci,c2 15.£, 25 VDC

C3 .001 yf

c4,C5,C6 .1 uf

C7 47 pf

R1,R3 220 KQ

R2,R9 100 K pot., Bourns 215P-1-104
R4,R5 10 KQ

R6,R7,R10 10 K{ pot.

R8 39 KO

R11,R12 1 KR

R13-R20 6.8 K

XTALL 10 MHZ

Figure A2.3(c)
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H

K

N X< HE®n

10z

ﬂr

1oy

2 i////l )
12
LM 747 +
£430 1/2
LSB I LM 747
COARSH Nulig, — - -
PATA =
14 ‘gr)\‘/[\(‘ “Sk
MOE - ] 1/2 1m747 .
271-8 '*;«\ 1.2m 17!N LM747
20 ‘/V\L NULL
DAC /’ | ¥
; 7
/// 4 10 ;5
430 CONTROL,
Ton 56 VQLTACL
(To original
= 5 ard)
FINE NULL _ NASA Board
DATA
+5VDC
—_— Amg
2.7 ;; Loy
21 MSB
20
19 A/D
18 590-8 1k ANALOG DATA
1
1; va» ¢ (from original
15 :E: NASA Board)
14 LLSB
DIGITAL LIEG
BAND DATA
A +15V[2§T.__ " B
" l.
_liour .001yF 10, r 001uF
777 fJ?

Figure A2.5(a) LBNP CONTROLLER ANALOG AMP BOARD SCHEMATIC DRAWING
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Figure A2.5(b)

EDGE CONNECTOR PIN ASSIGNMENTS FOR
LNBP CONTROLLER ANALOG AMP BOARD

+15V
-15V
MSB )

4

LSB

J

N/C
N/C

Analog Gnd

N/C
MSB )

SB
. J

Coarse

Nulling Input

(Output Port
4 or 6)

Fine Nulling
Input (Output
Port 5 or 7)

1 +5V A
2 A/D Strobe B
3 A/D Busy C
4°) D
5 E
6 F
7 H
& N/C )

8 J
9 K
> *See Below
10 L
11 M

, J
12 Nulling Analog N
Output

13 A/D Input P

14 LSB ) R

15 S

16 T

17 A/D Qutput U

}(Input Port
5 or 4)

18 v

19 W

20 X

21 MSB Y

22 Dig. Gnd VA

On Backplane wiring for the "right" analog Amp Board, pins 8-11 are used:
8 Rt Cal OQut

9 (Tie Point for Cal RElay) Bit 6 of Port 3
10 Lt Cal Out
11 (Tie Point for Call Relay) Bit 7 of Port 3
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P

+15v

> : —_— O
Cl_E;; 15 pf
~15y>——®——0
C2 % 15 uf +15v
C 1 9_T |
D 2 Al 2| +
No. 1 Anal,., Out
E 3 3 |15 1 éSA i3 Y :} 11
F 4 7 '
H 5] 1 |RL R3 10K
— " \N\N\— '
J 6| - |7 R2 2.2K
K 7] 8 ;470
T 8
R4
m +15vV
41?+15
3 11 a2 6
4 5 15 No. 2 Anal. Out~_
5 AS5SB 10 > M
Z " 3 o - r? 10K
4 470
7 s| 1 o ST Y e
— AV I
9 7 8
Q 8
717 16 +15V
9?+15
14 1) 15 2|3
o 2 AGA R12 No. 3 Anal. Oub
16 3 1| 12 > N
17 4 R9 T
is : 470> g- R1l1 10K
i9 6 - 10  2.2K N
20 7 /7;7 470
2l 8 16 . +15V
9?+15v
2 1 - R16 N 4 Anal. O
O. nal. outh,
— S >
U 4 Analog
v 5 Rls.____4\$Q5\,___ Ground N
W 6 2.2K -
X 7
Y 8 /77

rimn

Figure A2.6(a)

LBNP Controller Chart Recorder Driver Schematic Diagram
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W 0O N O U D W N

o
= O

12

14
15
16
17
18
19
20
21
22

EDGE COLW7TCTOR PIN ASSIGNMENTS FOR
LBNP CONTRULLER CHART RECORDER DRIVER

N/C A
N/C B
MSB ) c
D

Driver No, 2 B

Input F

? :

J

K

LSB L
No. 1 M

Anal. Out

No. 4 N
Anal. Out An
Anal. Gnd P
MSB ) R
S

T

Driver U

No. 3 \%

Input W

X

LSB y Y
Dig. Gnd Z

Figure A2.6(b)
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+15Vv
-1l5v N
MSB )
Driver No. 1
Input
LS
Y,
Nc. 2
Anal. Out
No, 3
Anal. Out
Anal. Gnd
MSB Y
Driver No. 4
Input
TSB




G
MEASUREMENT BAND - - o—

TPl ==« = = e o —
R R2 cR-|
b 698~ 62.9KA INSI4
100 KH? SIGNAL - - - - —AAAA—— AAAA Y49
8 o —
CALIB SI1G. RETURN -~ oI " . Al
vRy vR2 ’ 316Kka
¢ ¥
CALIB. SIGNAL - - - = « o=
N
CALIB. PLATE — -~ - - -—
TPe2 - mm e e e C ol e
A
XDUCER S16 RETURN

z
OUTER BAND SHIELD eo—i

’ [ 4
XDUCER Si6. HI-- - o

NOTE

ALL ELECTRONIC COMPONENTS ARE POTTED AND
AND FIXED TO THE LEG BAND.

FIGURE A2.7 CAPACITIVE PLETHYSMOGRAPH ELECTRONICS
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in 3 N‘\Il;i%S
> + 6 out

Figure A2.8 Leg Band Data A/D Input Amplifier

Two of these are used; one for the right

channel and one for the left channel.
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APPENDIX II1

FLOW CHARTS



BACKGROUND

(RESET KEY OR POWER ON
CALLS THIS ROUTINE)

CLEAR RAM DATA LOCATIONS

|

PRESSURE THRESHOLD +
INITIAL THRESHOLD

MODE <« MANUAL

1

RATE « MAX (15 TORR/SEC)

]

SET DISPLAY TO PRESSURE

DISPLAY '00000'

(THIS ROUTINE EXECUTES
KEYBD WHEN NO INTERRUPTS ARE
ACTIVE)

WAIT FOR KEY ENTRY AND
DISPLAY IT FOR ONE SECOND

1

CALL SELECTED COMMAND
ROUTINE

VOO OO

ITI-1




IABORT

CALL IABT
Go To |

Keybd
|
IABT |
SET ABORTF ‘
(Checked in foreground) |

|
Display 'deAdd' for 1 sec

Return

I11-2



CALL DOBND
I -
SET MODE. TO MANUAL
1
ENABLE INTERRUPTS (STARTS PRESSURE CONTROL
. AND LEG BAND DATA ACQUISITION)
GO TO

KEYBD

ITI-3



DOBND

DISABLE INTERRUPTS

|

DISPLAY 'BA100"

]

GET 2 CHARACTER LEG BAND
ID FROM KEYBOARD AND
ECHO ON DISPLAY

|

LOOK UP AND SAVE TABLE POINTER
TO BASE 1 OF THIS LEG BAND

WAIT 2 SECONDS THEN DISPLAY
‘BA200"

GET 2 CHARACTER LEG BAND ID
FROM KEYBOARD AND ECHO
ON DISPLAY

|

LOOK UP AND SAVE TABLE POINTER
TO BASE 1 OF THIS LEG BAND

WAIT 2 SECONDS

CALL CALIB

N

ITI-4



CALIB

CALL NULL 1

CALL NULL 2

CALL GAIN L

|

CALL GAIN R

RETU

ITI-5



NULL
(1,21

OPEN CALIBRATE RELAY
(SHOULD BE OPEN ALREADY)

]

FINE VALUE +« 0
FINE D/A « FINE VALUE
COARSE VALUE <« 0

COARSE D/A +« COARSE VALUE

WAIT 10 MS THEN
READ A/D VALUE

YES

(NULL VALUE INPUT TO
LEGBAND CARD =

- COARSE D/A * 5.6

+ FINE D/A * ,056)

VALUE > 2A
? (H

INCREMENT COARSE VALUE

READ A/D VALUE

DISPLAY COARSE VALUE AND

ELNLfLAL&E

NO

I

YES

STORE LAST A/D VALUE
IN BIAS [1,2] AND
DELAY 2 SECONDS

RETUR

I11-6

FINE D/A +« FINE VALUE

DELAY 50 MS AND
DISPLAY COARSE VALUE AND
FINE VALUE

INCREMENT FINE VALUE




GAIN
[L,R]

CLOSE CALIBRATE RELAY
WAIT 1 SEC

1

CALVAL « A/D

1

LOOK UP SHDBE IN
ROM TABLE FOR THIS
LEG BAND ID

SHDBE -~ BIAS
QUOT,REM « CALVAL - BIAS

(SHDBE = SHOULD BE;
PREDETERMINED CALIBRATE
VALUE FOR THIS LEG BAND)

REM

GAIN FRACTION =

CALVAL - BIAS

DISPLAY 'BADO[1,2]

SCALE GAIN TO 1.XXXXXXX
(1. FRACTION) AND STORE
AT GAIN [1,2]

255 - BIAY

MAXIN[1,2] = BIAS + ~
(MAX A/D INPUT
BEFORE SATURATION)

GAIN

OPEN CALIBRATE RELAYS

d

RETURN

I11-7

GOTO
KEYBD




GET SECOND KEYBOARD ENTRY

L NES
?/
NO

-

CALL DOBND

OUTPUT 0'S TO DISPLAY DATA
PORT. DISPLAY '00000'
SET ALL STROBES TO 1

GOTO
KEYBD
YES
'C'
5 1
NO

SET MODE TO AUTO
ENABLE INTERRUPTS

I11-8

GOTO
KEYBD




NO

!ly\Y‘ES

1

CALL NULL 1

READ AND DISPLAY
LEG_BAND 1

NO

YES

CLOSE CALIBRATE RELAY

1

?

NO

DISPLAY 'GOOOF'

GOTO
KEYBD

ITI-9

DISABLE INTERRUPTS

GOTO
ONITOR




DPRES

SET MODE TO MANUAL

GET FIRST CHAR. OF DESIRED

(DESIRED PRESSURE)

PRESSURE _FROM _KEYBQARD

GET SECOND CHAR. OF DESIRED

NO

- YES

SAVE OLD PRESSURE FOR
RATE CALCULATION
(DPOLD « DPBIN)

DISPLAY 'GOOOF'

CONVERT 2 DIGITS OF

DESIRED PRESSURE TO
BINARY (DPRIN)

CLEAR PSEC

THE_COUNT DOWN TIMER
1

CLEAR DPDEL  (DESIRED
| PRESSURC DIPFERENCE)

ENABLE INTERRUPTS TO
START PRESSURE CONTROL

e0TO
KEYBD

N

ITI-10

GOTO
KEYBD




(SELECT RATE)

READ RATE CONTROL CHAR.
FROM KEYBOARD

YES

SET RATE TO MIN
(5 TORR/SEC)

GOTO
KEYBD

YES
1ot
?
NO

DISPLAY 'GOOOF'

SET RATE TO MAX
(15 TORR/SEC)

GOTO
KEYB

GOTO
KEYBD

ITI-11



@ (SET DISPLAY MODE)

READ DISPLAY MODE CHAR.
FROM KEYBOARD

YES

NO

STORE IN DSPMD DISPLAY 'GOOOF'

GOTO GOTO
KEYBD KEYB
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FOREGROUND Activated every 10ms by the

clock interrupt

SAVE REGISTERS

|

DECREMENT INTCT Process every 5th interrupt

5 YES GO TO
-0 DONE
NO

RESET INTCT TO 4

DECREMENT VACLK

< YES
0 r
CALL VADJ
NO
YES
A”T>° : CALL PAUTO

DECREMENT SECTR
(has one second passed?) g

ITI-13



50ms x 20 = 1 sec

SECTR « 19

CALL PTYME

YES

ABORTF
s]ET/
NO

SET VALVES TO VALUE IN
"VALVE" (WITH ABORT VALVE
CLOSED)

OPEN ABORT VALVE
~ CLOSE RESET

DPBIN « 00

I1I-14




|

CALL LBRDR

(READ LEG BAND |

OUTPUT TO RECORDER D/A PORTS:
LB1 % VOL CHANGE
LB2 % VOL CHANGE
LBNP PRESSURE

DECREMENT DISHO

/-

RESTORE REGISTERS
ENABLE INTERRUPTS

RETURN
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READ VACUUM PRESSURE
FROM A/D IN TORR *4

|

SCALE DPBIN AND
DPOLD TO TORR *4

COMPUTE:  OLD DESIRED
+ DESIRED DIFF - REAL

BORROW >~
?
YES
VALVE <« 00 VALVE < O8H
|___(CLOSE, PRESSURE T0Q HIGH) (OPEN, PRESSURF 100 LOW) |
(RATE + DPDEL + OLD DESIREDJ
- DESIRED
BORROW YES
DPPEL* DESIRED - OLD DESIRED DPDEL « RATE + DPDEL
(LEVEL CONTROL) (RATE CONTROL)
VACLK + VAPER

<:EEE:::>

ITI-16



APPROX

FOR LEG BAND 1
GET POINTER INTO
PROPER LEG BAND
CHARACTERISTIC TABLE

CALL VALFD
(COMPUTES % VOL CHANGE)

STORE % VOL CHANGE IN
LEG BAND 1 OUTPUT BUFFER

FOR LEG BAND 2 _
GET POINTER INTO PROPER
LEG BAND CHARACTERISTIC
TABLE

CALL VALFD
(COMPUTES % VOL CHANGE)

STORE % VOL CHANGE IN
LEG BAND 2 OUTPUT BUFFER

RETURN

I11-17



A

SATURATE AT - 1%

TRUE BASE
I

2A (HEX)

(RETURN A VALUE OF 2)

L4
—

TPVC = TRUE BASE -

SLOPEI *

(BASEI - COMP) /19 (HEX)

TRUE BASE = TRUE BASE +28 (HEX) SATURATE AT 5%

(RETURN A VALUE OF F2(HEX))

ROM LEG BAND DATA

SHD BE
BASEOQ
SLOPE
-BASET
SLOPE
BASE2
SLOPE
BASE3
SLOPE
BASE4
SLOPE
BASES
SLOPE
BASE6
SLOPE

TRUE BASE

DEC HEX
2 2 -1%
42 2A 0%
02 52 1%
122 7A 2%
162 A2 3%
203 CA 4%
242  F2 5%

I11-18



PRDSP

(PRESSURE DISPLAY)

PTIME MINUTES - OUT 5

CONVERT REAL PRESSURE
(RPBIN) TO BCD AND
STORE IN OUT 3, OUT 4

CONVERT DESIRED PRESSURE
(DPBIN) TO BCD AND
STORE IN OUT 1, OUT 2

DISPLAY ON CONSOLE

GOTO
DONE

I11-19

ouT

DISPLAY



FTDSP

(TIME DISPLAY)

DESTRED PRESSURE (DPBIN) IS
CONVERTED TO BCD AND STORED
IN QUT 4 AND OUT 5

|

PTIME UNITS SECONDS - OUT 3
PTIME TENS SECONDS - OUT 2
PTIME MINUTES - OUT 1

ouT

|

DISPLAY ON CONSOLE

GOTO
DONE

ITI-20

5

4

3

2

1

DISPLAY



LBDSP

(LEG BAND DISPLAY)

CONVERT LB1 BINARY TO
GET FIRST DECIMAL DIGIT
AND STORE IN OUT 2

1

USE LOOK UP TABLE TO
GET SECOND DIGIT AND
STORE IN OUT 1

|

CONVERT LB2 BINARY TO
GET FIRST DECIMAL DIGIT
AND STORE IN OUT 5

l

USE LOOK UP TABLE TO
GET SECOND DIGIT AND
STORE IN OUT 4

BOTH -  BOTH + §1 - 2+

< E { <A B

ouT 3 "'TTJUTL3 ouT 3 ouT 3
-

DISPLAY RESULTS

GOTO
DONE

I11-21

DISPLAY
5 4 3

2

1

LE2 SIGN

LB1




COMPUTE ENTRY ADDRESS
INTO PRESSURE TABLE BY
ADDING INDEX (TABLE+TABLEN)

DPOLD « DPBIN
DPBIN « PRESSURE ENTRY

FROM TABLE
|
GET DWELL TIME FROM TABLE
CALL IABT
YES ATIM « O (CAUSES ABORT ROUTINE TO
<?0 FLASH ‘deAdd' EVERY MINUTE UNTIL
’ RESET)
NO o
I
ATIM « DWELL TIME
| TABLE

TABLE N « TABLE N + 2
(ADVANCE INDEX)

00} 0 TORR
04" 5 MIN

DPDEL « O (DESIRED 08, 8 TORR
PRESSURE DIFFERENCE) 00" 1 MIN

1 16} 16 TORR
1 MIN

CLEAR PTIM (TIME AT 30} 30 TORR
CURRENT DESIRED PRESSURE) 02° 3 MIN

40} 40 TORR
5 MIN
50} 50 TORR
RETURN 04~ 5 MIN
00} - TIME =>
TERMINATE
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MANUAL

MODE
?

OO

AUTO

DECREMENT ASEC 1

ASEC 1 « 59
DECREMENT ATIM (MINUTES)

DECREMENT PTIM
UNITS SECONDS

YES

NO

PTIM UNITS SECONDS <« 9
DECREMENT TENS SECONDS

>0 YES

?

NO

PTIM TENS SECONDS <« 5
DECREMENT MINUTES

?
NO

PTIM UNITS MINUTES <« 9

I11-23

(MAINTAINS SYSTEM TIME)

(DWELL TIME)



PTIME UNITS SEC « 9 - PTIM UNITS SE
PTIME TENS SEC « 5 - PTIM TENS SEC
PTIME UNITS MIN <« 9 - PTIM UNITS MI&

A

UNITS
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LBRDR (READS LEG BANDS AND
PROCESSES DATA)

READ LEG BAND 1 A/D

1

CALL COMP (COMPUTES

BIAS + (INPUTFBIAS) * GAIN)

STORE COMPENSATED
RESULT IN LB1O

READ LEG BAND 2 A/D

|

CALL comp

STORE COMPENSATED
RESULT IN LB20

CALL APPROX
(PERFORMS LINEAR INTERPOLATION)

RETURN
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LEG BAND
?

2

SET POINTER FOR LEG BAND 1

SET POINTER FOR LEG BAND 2

YES INPUT
> MAXIN
?

NO

COMPUTE: INPUT - BIAS

?

RESULT < - RESULT VALUE

i

BIAS

RETURN
(RESULT = |INPUT - BIAS})
COMPUTE:

| INPUT - BIAS| * GAIN

INPUT
BIAS
+

VALUE = BIAS + VALUE = BIAS -

| INPUT - BIAS| * GAIN | INPUT - BIAS| * GAIN
' AL
NO > BIAS
?

'_ YES

VALUE = FF (SATURATED) VALUE = 00 (SATURATED)
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APPENDIX IV
CALLING SEQUENCE




]
| €——>» INIT €«—>» ZERO
]

wp «——> WKEYDN
IABORT & KEYBD g |
|
T [ "D" uEn 1
! «=~>DISPS "BJ' " |
1 (outputs ~
! all zeros BEGIN |
' for valve |
i control. i |
] Displays ! H
| "DEADD") , €—>| DOBND |
' [] DI ;
o1 S i
[]
HLT \ .Q—)WKEYUP
i
' :<—9DISP5 (displays "BAl0OO" and waits
1 for two-character, band ID)
| ' <3BAND ¢—>WKEYDN
! ' (loops to read ID)
! | «3DBMS &——=>WKEYUP
1
I
: , €DISP5 (displays "BA200" and waits
‘ | for two-character band ID)
€>BAND €——>WKEYDN :
! : (loops to read ID)
: |€—>DBMS «—> WKEYUP
i
! |€->CONCT (makes l-byte ID for LB2)
i |
. |<P9PNTR (uses l-byte ID to get SHDBE,
. and stores it in BDAT2)
' ,S>CONCT (makes l-byte ID for LB1)
'
: ,“PPNTR  (uses l-byte ID to get SHDBE,
\ , and stores it is BDAT1)
'_ i
MODE=AUTO ‘¢—f ... n
EI :
[}
KEYRD [« | '€= NULL 1 (nulls LB1)
. [}

€ NULL 2 (nulls LB2)

) «— GAINL (computers left gain-
! closes cal relay)
(computes right gain-
closes cal relay)

: <——>GAINR

'
» RET
Note: See attachment for detailed "call" sequences under CALIB.
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< > WKEYUP

EI

<«—> WKEYUP \
l ' clocks)
>| KEYEBD MODE=MMAN

LBCAL 2 CBRCH |€—> WKEYDN DPRES
— — WKEYUP
¢ (Manual cal "1'i"c} |*an ! WKEYUP
, of LB1) Dl e
> <> KEYUP <—{ DOBND I€E—>WKEYDN (waits for MSD of
- l desired pressure
:HNULL L | (<>(See dia- & —SWKEYUP P )
' ram
: fggiobes ggU;$S : gnder 'é—>DIGT (gh?cks to @ake sure
A A/D) «—>"'BEGIN") ! it's a digit, not
"—>DSDE ! lettgr)
i (displays value) KEYED 1 S—WKEYDN (waits for MSD of
f _ . desired pressure)
1¢€—KEYDN (pulls in , S WKEYUP
?al relay 1 €<—>DIGIT (checks to make sure
}f any key  [CONT ' it's a digit)
is depressed)i— ,<—>BCDBIN (converts BCD entry
: , into binary)
MODE=AUTO €—>ZERO (stores binary desired
[}

pressure in DPBIN &
zeros the phase time

EI

=




————4 SDDSP

SRT

|¢—>DWKEYUP (checks for an

'
1«—>WKEYUP
[

1 €<—>WKEYDN

lé——?WKEYUP

(checks for entry
of 0,1, or 2 and
stores it in DSPMD)

KEYBD

entry of "1" or._

ll2

| € WKEYDN

:<+——-e>WKEYUP

SUBROUTINES

BAND
BCDBIN
CONCT
DBMS
DELAY
DIGT
DISPS
DSDE
GAINL
GAINR
INIT
KEYDN
NULL 1
NULL 2
PNTR
STROB
WKEYDN
WKEYUP
ZERO

KEYBD

(sets RATE
RMAX)

ll)

= RMIN or

RAM LOCATIONS

LB10O
LB20O
BIAS1

BIAS2

BDAT1
BDAT?2
HOLD1

HOLD2

LB1ID
LB2ID
BISTA
DSPMD

IV-3

LB1 OUTPUT BUFFER

LB2 OUTPUT BUFFER

LBl1 BIAS

LBl MAXIN

LBl GAIN

LB2 BIAS

LB2 MAXIN

LBl GAIN

LBl SHDBE

LB2 SHDBE
USED BY "BAND" TO HOLD 2
CHARACTER LBl ID

}USED BY "BAND" TO HOLD 2
CHARACTER LB2 ID

LBl ID

LB2 ID

NBIAS STATUS

DISPLAY MODE



CAT.TR

T
1£——9NL'JLL 1 (nulls LBl)
{

!
!
!

| <—>DBMS

I<—»STROB (strobes A/D & displays D/A nulling
i values)

'«—DSDE

:<—>DBMS

«<—NULL 2 (nulls LB2)

: €—DBMS

I<=?STROB (strobes A/D & displays D/A nulling
i values)

l«<>DsDE

: <—DBMS

|«<—>GAINL (computes left gain-closes cal relay)

'
| €DBMS
| €*STROBE

: €>PNTR
|€TBYTD
|e=>TBYTD
:<—-VI‘BYTD

, OPENS RELAY

| €—>GAINR (computes right gain-closes cal relay)

‘
| €2>DBMS

(¢-STROB
1

{€2PNTR

«>TBYTD (divide to get integer part of SHDBE/
' CALVAL) '

'«-»TBYTD (divide to get fractional part of

' SHDBE /CALVAL)

«»TBYTD (computes max input value)

OPENS RELAY

Iv-4



TN'T (decrements VACLK and calls VADJ

T i1f countdown complete)

&—>| vang

] |

| '«—>READ (reads pressure A/D, compares
to DPBIN, and stores neces-

' sary value control word in

VALUE)

(Checks MODE and calls PAUTO if MODE=AUTO

land time at correct pressure has elapsed.

‘Q——4>PAUTO (gets new pressure and dwell

I time from table)
I f
1¢<—ZERO (zeros time words when new
pressure is selected)

«—>|PTYME| (advance DTIME clock

advance ATIME clock if MODE=
! AUTO)

IGets VALUE and outputs value control word
| €—>| LBRDR

[
I S%ts up mask & strobe for LB1
y$>STROB (reads LBl)

‘ :(—el COMP I
[]
|

:Takes uncorrected LB input

'and subtracts BIAS
|

Stores 1
l corrected
| input from'€—=2BYTM (gets NUMER to perform
, LBl in ! gain adjust. Computes
LB1O '‘“—2BYTD ADDTO, puts it in C,

| adds to original input
| leaves with corrected
| input in ACC)
I
| ¢3STROB (reads LB2)
| |

) |(—il COMP (compensates LB input for
|

7 BIAS & gain (as above))

Stores 16—2BBYTM
| f
corrected
)
I input from €>2BYTD
|LBZ in
LB20

IV-5



)

APPROX

)
(CPNTR (get LBl ID, its

]
Puts TPVC

BASEl value, points
to LB10 (LBl input
corrected for bias
and gain))

Finds nearest base and
offset slope

for LBl in | €—>2BYTM (multiplies

LB10O

i offset

| times slope)
S—?2BYTD (divides by

' MH(scaling))

|

{ Adds true offset to

‘ true base and leaves

with true value (TPVC)
I in ACC
]

IS—>PNTR (get LB2 ID, its

|
S

BASEl value, points
to LB20 (LB2 input

corrected for bias

and gain))

VALFD
‘
:<?———92BYTM (computes

TPVC for

| Pputs TPVC | LB2)
for LB2 in

IV-6

LB20
'

\&——>2BYTD ((as above)
and leaves
with TPVC
in ACC)



R

oTpT LB20 Port 11

t [:—————'LBIO Port 10

-

RPBIN Port 12

I Checks display holdoff

! Checks display mode and jumps to
| appropriate display routine

y

FTDSP

v

PRDSP

'«—> pi1sps

Gets time in
minutes and
seconds and
displays

€«>BINCD (converts
DPBIN to
BCD for

| display)

«—=3BINBCD (converts

! RPBIN to

[ BCD for

| display)

<«—>DISP5

+ RESTORES REGISTER
§

|
EI

RET

IvV-7

x

LBDSP

T
F—-—aLBDIC (gets Ms

BCD %
' digit,
| goes to
| table for
, LS digit)
l«——LBDIC (gets MS
| BCD %
| digit,
goes to
! table for
| LS digit)
€«—>DISP5 (displays
LBl and
LB2 TPVC
in X.X%)



APPENDIX V
ROM LISTINGS
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APPENDIX VI
PROCEDURE FOR SYSTEM INITIALIZATION



Procedure for initial system set-up (refer to Figure A6.1):

1. Conneet the vacuum source hose to the input of the valve manifold.

2. Connect the vacuum hose from the output of the valve manifold to the
LBNPD.

3. Verify that the vacuum switch lever on the LBNPD is open and the
manual pressure control valve on the LBNPD is turned fully open.

4. Connect the valve control cable from the computer rear bulkhead
connector to the connector on the valve assembly box.

5. Connect the pressure transducer cable from the LBNPD connector to
the rear bulkhead connector on the computer.

6. Connect the leg band cable from the LBNPD connector to the computer
rear bulkhead at one of the two connectors depending on whether the
Air Force Academy or NASA cable is used. Be sure the ground cable
in the cable bundle is connected securely to the LBNPD frame and the
computer chassis.

7. Run the procedure to calibrate the computer power supplies.

8. Run the procedure to calibrate the A/D leg band data amplifiers.

9. Verify the mechanical abort valve on the LBNPD is closed.

10. Run the procedure to calibrate the pressure A/D data amplifier.

11. Connect chart recorder inputs to the pressure, left and right leg
band data outputs on the computer rear bulkhead connectors. A1l
outputs are 0 to 5 volts.

12. When a subject is in the LBNPD, he must be connected to ground
through the cable which simulates the subject interface box.

This contains a 10K resistor in parallel with a 1560pF capacitor.

Procedure to calibrate the computer power supplies equipment:

1 - DVM
1 - Screwdriver
Procedure:
1. Verify the computer power is off.
2. Remove the top of the computer cabinet.

3. The +5, -5 +12, and -12 power supplies are at the rear of the
computer cabinet. Locate each of the supplies.

4. Turn on the computer and use the DVM to verify that the voltag
for -5, +12, -12 supplies are within 5%. The +5 supply should
+5.0 to +5.25 volts.
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5.

Procedure to calibrate A/D leg band data amplifiers:

Use the screwdriver to bring the voltages within the desired

range if necessary.

Equipment:

1 - Screwdriver

1 - Power sypp]y 0-5 vDC
1 - DWM

1 or more Card Extenders

Procedure:

1.
2.
3.

Turn off computer and power supply.

Remove the leg band amplosc card.

Use card extenders to connect power supply and DVM.

lead to pin 4 positive lead to pins 7 and 20.

Turn on power supply and adjust to 3.5I.01V.

Negative

Turn on computer and load and execute the following program

using the 'Cl' command:

LOC CONTENTS SYM
1100 01 01 00 READ:
1103 CD 63 07

1106 DB 04

1108 5F

1109 01 02 00

110C CD 63 07

110F DB 05

1111 57

1112 CD 60 01

1115 €3 00 11

Qutput Format:

0 L L R R

0P
LXI
CALL
IN
MOV
LXI
CALL
IN
MOV
CALL

JMP

LL

RR

ADDR
B,0001H
STROB
LBI

E,A
B,0002H
STROB
LB2

D,A
DSDE
READ

Left ADC output

Right ADC output



Adjust right A/D amp for a reading of b3.
Repeat Step 6 for left ADC amp.

Adjust power supply to .82 + .01V. Verify that output is
2A on both left and right.

Other points may be verified using the following equation:

OUT = Vin X (245/5)*

*NOTE: This value is decimal and
display is Hex.

Procedure to calibrate pressure A/D data amplifier:

Equipment:

1 - Pressure meter

1 - Card extender

1 - Screwdriver

Procedure:
1. Turn off computer power supply.
2. Remove the pressure A/D card.
3. Connect a card extender and reinsert.
4. Turn on the computer power supply.
5. Push Reset, then 'DO0' on the keyboard.
6. Adjust the offset control (R2) until the actual pressure on the
display reads zero.
7. Turn on the valve power supply and the vacuum source.
8. Enter *D50' on the keyboard.
9. Adjust the gain control (R9) until the pressure meter connected
to the LBNPD reads 50 TORR.
10. For fine adjustments enter several desired pressures adjusting

the offset and gain controls for the best match between the

actual pressure display and the pressure meter across the
pressure range of zero to 50 TORR.
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PRESSURE TRANSDUCER
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FIGURE A6.1 COMPUTER REAR BULKHEAD CONNECTORS
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